Background: Endoscopy within 24 h of admission (early endoscopy) is a quality standard in acute upper gastrointestinal bleeding (AUGIB). We aimed to audit time to endoscopy outcomes and identify factors affecting delayed endoscopy (>24 h of admission). Methods: This prospective multicentre audit enrolled patients admitted with AUGIB who underwent inpatient endoscopy between November and December 2017. Analyses were performed to identify factors associated with delayed endoscopy, and to compare patient outcomes, including length of stay and mortality rates, between early and delayed endoscopy groups. Results: Across 348 patients from 20 centres, the median time to endoscopy was 21.2 h (IQR 12.0-35.7), comprising median admission to referral and referral to endoscopy times of 8.1 h (IQR 3.7-18.1) and 6.7 h (IQR 3.0-23.1), respectively. Early endoscopy was achieved in 58.9%, although this varied by centre (range: 31.0-87.5%, p ¼ 0.002). On multivariable analysis, lower Glasgow-Blatchford score, delayed referral, admissions between 7:00 and 19:00 hours or via the emergency department were independent predictors of delayed endoscopy. Early endoscopy was associated with reduced length of stay (median difference 1 d; p ¼ 0.004), but not 30-d mortality (p ¼ 0.344). Conclusions: The majority of centres did not meet national standards for time to endoscopy. Strategic initiatives involving acute care services may be necessary to improve this outcome.
Introduction
Acute upper gastrointestinal bleeding (AUGIB) is a common medical emergency, with an annual incidence of 133/100,000, 1 corresponding to approximately one presentation every 6 min in the UK. Despite advances in endoscopy, service provision, and guidelines, [2] [3] [4] mortality following AUGIB has remained high over the last two decades and currently stands at approximately 10%. 5 Endoscopy is the primary diagnostic and therapeutic modality for AUGIB. The time to endoscopy (i.e. interval between hospital admission to endoscopy) following AUGIB has been adopted by the National Institute for Health and Clinical Excellence (NICE), 2 the European Society of Gastrointestinal Endoscopy (ESGE) 4 and the Joint Advisory Group on Gastrointestinal Endoscopy (JAG) 6 as a quality standard for both patients and endoscopy units. NICE and ESGE recommend early endoscopy (within < 24 h of admission) for all patients admitted with suspected AUGIB, 2, 4 whereas the JAG Global Rating Scale (GRS) stipulates that each endoscopy unit should perform early endoscopy in 75% of patients with AUGIB to achieve a Level B rating, 6 which is the minimum rating for endoscopy unit accreditation.
In line with previous UK audits, the latest national audit (NCEPOD) in 2015 reported ongoing deficits in patient care, 7 including delayed endoscopy (time to endoscopy > 24 h) in 35%. Organisational factors were cited as requiring improvement in 18.5% of cases reviewed. Amongst their recommendations, NCEPOD re-emphasised the need for all patients with AUGIB to have endoscopy within 24 h, and called for improved organisation and co-ordination of AUGIB services.
The organisational processes behind time to endoscopy have been poorly studied. Factors that may impact on time to endoscopy include: assessment of the patient, availability of test results, efficiency of referral pathways between clinical teams and the organisation of the patient journey. These factors inevitably vary among institutions, with areas of good practice and those needing development present in all. Single centre audits may not be comparable, limiting their value for shared learning and service improvement across the health service.
The aims of our study were to:
(1) Audit the rates of early/delayed endoscopy and identify the proportion of centres that met the JAG standard. (2) Identify predictors of delayed endoscopy, which can be used to target service improvement. (3) Assess the impact of delayed endoscopy on patient outcomes.
Methods

Study design
A prospective, multicentre audit was jointly undertaken by trainee-led gastroenterology trainee networks in the East (GARNet) and West Midlands (WMRIG) regions, covering a catchment population of approximately 10.5 million. Within each centre, patients admitted with suspected AUGIB who underwent endoscopy as inpatients between November and December 2017 were enrolled over a 30-d consecutive period. Exclusion criteria comprised: inpatients who developed AUGIB after being admitted for an unrelated condition, low-risk patients referred for outpatient endoscopy, paediatric cases (age < 16 yr) and bright red rectal bleeding.
Outcomes
The primary outcome studied was the time to endoscopy, defined as the time taken from first hospital presentation (to the emergency department (ED) or acute medical unit) to the start time of an endoscopy procedure. This was analysed using two approaches: (i) as a binary outcome (within 24/>24 h) to audit rates of delayed endoscopy; and (ii) as a continuous variable, which was additionally deconstructed into: time from admission to endoscopy referral (time to referral) and time from referral to endoscopy. Admission, endoscopy referral and procedure start times were preferentially collected using timestamped electronic records. For the endoscopy referral time, this represented the time when the electronic request was submitted. Secondary outcomes included the length of stay and rates of rebleeding within 8 d of endoscopy (JAG standard). AUGIB was defined as haematemesis, melaena, coffee ground vomiting, which was deemed to require oesophagogastroduodenoscopy. Rebleeding was defined according to the clinician's impression of recurrent or ongoing AUGIB following index endoscopy. Post-discharge readmission rates and post-endoscopy mortality rates were also assessed, using a time to event approach.
Study covariates
A range of factors were studied in order to identify those associated with time to endoscopy. These included pre-endoscopic factors, e.g. suspicion of variceal bleeding, use of antithrombotics and empirical nil by mouth placement; haemodynamic parameters, shock index (first recorded heart rate divided by systolic blood pressure), haemodynamic instability (features of shock despite fluid resuscitation), and the GlasgowBlatchford score (GBS). Where the GBS was not recorded, this was calculated using the GBS components. Endoscopic lesions, major haemorrhagic stigmata and application of endotherapy were retrieved from endoscopy reports. Vital case ascertainment for 30-d outcomes was verified using electronic case records. 
Conduct
Statistical analysis
Initially, times to endoscopy were dichotomised into those that were early (24 h) or delayed (>24 h).
Comparisons of delayed endoscopy rates were compared across centres using chi-square test. Univariable analyses were then performed to identify other factors associated with delayed endoscopy. Categorical variables were assessed using Fisher's exact tests, while ordinal and continuous variables were compared between patients with and without delayed endoscopy using Mann-Whitney tests. A multivariable analysis was then performed in order to identify independent predictors of delayed endoscopy. Prior to this analysis, Hosmer-Lemeshow tests were used to assess goodness of fit of continuous variables, which were categorised into ordinal groups where poor fit was detected. A multivariable binary logistic regression model was then produced, using a backwards stepwise approach to variable selection. The times to endoscopy were then deconstructed into the time from admission to referral and from referral to endoscopy. These followed skewed distributions, and were therefore reported as medians and interquartile ranges (IQRs), and analysed using a non-parametric approach. Associations with ordinal or continuous variables were assessed using p-values from Spearman's rho correlation coefficients, with Mann-Whitney tests used for dichotomous factors. Patient outcomes were then compared between those patients with early and delayed endoscopies using a Mann-Whitney test for the length of stay, Fisher's exact test for the rebleed rate, and Kaplan-Meier curves with log-rank tests to assess the 30-d readmission and mortality rates.
All analyses were performed using IBM SPSS 22 (IBM Corp. Armonk, NY), with p<0.05 indicative of statistical significance throughout.
Results
Patient characteristics
A total of 348 patients were enrolled from 20 sites, with time to referral captured in 64% (N ¼ 226) of patients. The cohort had a median age of 70 years (IQR: 54-81), and 61% were male. The median GBS was 10 (IQR 6-13); 6 patients (1.7%) had a GBS of 0. The most common endoscopic diagnosis was peptic ulcer (24%), with normal endoscopy in 21% ( Figure 1 ). Overall, 30% of patients required endotherapy.
At presentation, 20.9% of patients had a shock index >1, while 14.0% met criteria for haemodynamic instability. The majority of patients underwent endoscopy in the endoscopy unit (94.5%), with the remaining procedures performed in theatre (4.9%) and in the ED (0.6%). Patients with haemodynamic instability were more likely to receive endoscopy in theatre (22.2% vs 2.2% of those without haemodynamic instability, p<0.001).
Time to endoscopy
The median time to endoscopy was 21.2 h (IQR: 12.0-35.7 h), which differed significantly across centres (p<0.001), with medians ranging from 9.2 to 42.5 h (Figure 2 ). Delayed endoscopy occurred in 41.1% of patients; this varied across centres, ranging from 31.0% to 87.5% (p ¼ 0.002). The JAG standard of early endoscopy in 75% of patients was achieved in 4/20 (20%) of the centres assessed. The times to endoscopy were then deconstructed into the time from admission to referral and from referral to endoscopy for the 226 patients where referral times were available. The median time to referral was 8. Normal 21% Figure 1 . Endoscopic diagnoses.
1.7 to 18.1 h. However, the time from referral to endoscopy (median 6.7 h, IQR 3.0-23.1 h) differed among centres (p ¼ 0.007), with medians ranging from 2.5 to 27.3 h.
Factors associated with delayed endoscopy
Univariable analysis of factors associated with the time to endoscopy is reported in Table 1 . Patients with outof-hours admissions (19:00 to 07:00), suspected variceal bleeding (p<0.001), shock index > 1 (p¼ 0.016), haemodynamic instability (p<0.001), higher GBS (p<0.001), and those placed nil by mouth (p ¼ 0.001) at index assessment were less likely to have delayed endoscopies. A significant association between delayed endoscopy and the time from admission to referral was also detected (p<0.001). Multivariable analysis was then performed to identify independent predictors of delayed endoscopy for the N ¼ 189 (54.0%) patients with data available for all factors. Goodness-of-fit testing identified poor fit for time to referral as a continuous variable (Hosmer-Lemeshow test: p ¼ 0.002), hence, this factor was divided into categories to ensure validity. The multivariable model (Table 2) found that patients admitted through acute medicine (p ¼ 0.039), between 19:00 and 07:00 (p ¼ 0.008) or with higher GBS (p<0.001) were significantly less likely to have a delayed endoscopy.After accounting for these factors, longer times to endoscopy referral (p<0.001) were found to be associated with higher rates of delayed endoscopy, with an odds ratio for delayed endoscopy of 2.66 and 1.44 for time to referral of 4-7 and 8-15 h, respectively, vs. < 4 h. Some factors were significantly associated with delayed endoscopy on univariable analysis, but not on multivariable analysis. This may have been due to correlations with other factors in the model. For example, patients with haemodynamic instability also had significantly higher GBS (median 12 vs. 9, p<0.001) and significantly shorter times from admission to referral (median 3.4 vs. 9.2 h, p ¼ 0.003) than patients without haemodynamic instability, both of which were independently predictive of delayed endoscopy. Similar trends were also observed for the shock index, being placed nil by mouth at the index assessment and major haemorrhagic stigmata. As a result, the GBS and time from admission to referral effectively became surrogate markers of these factors, and superseded them in the multivariable model. Thus, the univariable analyses remain informative, reflecting the full gamut of factors associated with delayed endoscopy. Figure 2 . Time to endoscopy (h) for each participating centre. *Denotes centres achieving the JAG standard of early endoscopy in 75% þ of patients. 
Factors associated with time to endoscopy
Univariable analysis was performed on time to endoscopy as a continuous outcome (Table 3) , which yielded results that were consistent with the previously described analysis of delayed endoscopy. Additionally, this analysis deconstructed the times to endoscopy relative to the endoscopy referral. Some of the factors analysed were found to have differing impacts on these two periods. Patients admitted through acute medicine (p<0.001), daytime admission (p ¼ 0.037), younger patients (p<0.001) and those on antithrombotic therapy (p ¼ 0.004) had significantly shorter times from admission to referral. However, none of these factors was associated with significant differences in the times from referral to endoscopy. Conversely, time to referral was not affected by the day of admission (p ¼ 0.410), but patients admitted at the weekend had significantly shorter times from referral to endoscopy than weekday admissions (p ¼ 0.012). There was no significant difference between weekend/weekday admission status and whether endoscopy was performed in theatre or in the endoscopy unit (p ¼ 0.341).
Impact of delayed endoscopy on patient outcomes
Patient outcomes, stratified according to early or delayed endoscopy, are presented in Table 4 . The overall rate of 8-d rebleeding was 9.4%, which was higher in the early endoscopy cohort (12.3% vs. 5.6%, p ¼ 0.041).
Early endoscopy was also associated with a significantly shorter length of stay, with a difference of 1 d between the two groups (median: 4 vs. 5d, p ¼ 0.004).
On Kaplan-Meier analysis, no significant difference was detected between the early and delayed endoscopy groups, with 30-d mortality rates of 9.4% vs. 6.9% (p ¼ 0.344, Figure 3 
Discussion
This trainee-led audit of AUGIB has identified ongoing deficits in meeting time to endoscopy quality standards in the Midlands, UK. Delayed endoscopy occurred in 41% of patients, exceeding the 35% figure reported in the last NCEPOD audit. 7 Only 20% of units met the early endoscopy standard set by JAG. Importantly, factors affecting time to endoscopy, and its components of time to referral and time from referral to endoscopy, were identified. To our knowledge, such analyses have not previously been performed either within or outside the National Health Service (NHS). As time to referral is primarily reliant on acute departments, and referral to endoscopy determined by endoscopy departments, this allows an arbitrary delineation of systems processes affecting time to endoscopy. Our data highlight potential mismatches in service demands between acute departments and endoscopy units and provide insight into areas that may be optimised. For instance, patients admitted through acute medicine, during the daytime, younger patients, and those on antithrombotic therapy had significantly lower referral times, but did not impact on referral to endoscopy times, whereas the opposite was true for weekend admissions. Reassuringly, both time to referral and time from referral to endoscopy were significantly lower in patients with more severe presentations, i.e. higher GBS, haemodynamic instability, suspected variceal bleeding, and those with haemorrhagic stigmata on endoscopy, suggesting alignment of priorities in sicker patients for endoscopy by acute departments and endoscopy units. Results are from a binary logistic regression model, with delayed endoscopy (>24 h from admission) as the dependent variable. Variables were selected using a backwards stepwise approach, and all factors in Table 1 Attainment of time to endoscopy targets is dependent on close integration between acute departments and the endoscopy unit. Although time to endoscopy is a quality metric that potentially determines the JAG accreditation status of an endoscopy unit, the time to referral is largely dependent on frontline services, and may be beyond the control of the endoscopy department. Patients admitted via ED waited longer before being referred compared to those admitted via acute medicine. From our experience within the NHS, patients who present with AUGIB to the ED are triaged and empirically managed, before being transferred to an acute medical ward for ongoing care. Often, the decision to refer for endoscopy in non-lifethreatening cases of AUGIB is undertaken by the acute medical rather than the ED teams, which can incur delays. While it is possible to streamline the referral pathways through AUGIB protocols, improved access to the duty endoscopist, acute gastroenterologist liaison services etc., earlier endoscopy referral at the ED level could be considered to reduce time to endoscopy. Nonetheless, there may also be scope to optimise the referral to endoscopy window. The observation that time to endoscopy was longer for daytime admissions, despite earlier referral times, could reflect difficulties of endoscopy units to accommodate additional cases when operating at full capacity. This is consistent with the finding of shorter referral to endoscopy times for weekend admissions, when endoscopy units typically have less planned activity.
Previous studies have assessed the impact of early endoscopy (<24 h), [8] [9] [10] [11] [12] urgent endoscopy (6-12 h) [13] [14] [15] and very early endoscopy (<2-6h) 16 ,17 on patient outcomes. The impact of early endoscopy on mortality is conflicting; some have shown no significant difference, 8, 9 while two recent studies 11, 12 reported this to be protective of mortality. Several retrospective studies have associated early endoscopy with increased likelihood of haemorrhagic stigmata. 14, 17 However, this interpretation may be confounded by reverse causality, as patients with severe AUGIB are likely to undergo early endoscopy. Therefore, the preponderance of highrisk endoscopic stigmata and rebleeding in our early endoscopy group may denote such selection bias. Despite this, we did not show an association between early endoscopy and mortality, but did uncover a modest but statistically significant reduction in length of stay, which can benefit patient satisfaction, healthcare costs and hospital bed availability.
Several limitations require acknowledgement. First, referral times and 30-d outcomes were not fully available, which may have reduced the statistical power of our analyses. Second, as the study was undertaken between November and December, where acute departments are vulnerable to 'winter pressures', our data may not be representative of practice during less intense periods. Third, investigators were not physically assigned to acute departments to record the timings of specific interventions. Although electronic timestamps provide accurate records of time to endoscopy outcomes, desirable data fields to further evaluate the referral pathway, e.g. time of first decision for endoscopy or telephone discussion/referral to endoscopy team were inconsistently recorded within case records and excluded. This prevented accurate process mapping of the patient journey. Fourth, inpatients with AUGIB while hospitalised for another condition were excluded; this cohort is associated with higher mortality and may benefit from earlier endoscopy. Consequently, our time to endoscopy may be longer and rates of mortality and rebleeding lower than previous audits. Finally, our analyses were centred at patient-level. The involvement of 20 centres was insufficient to permit unit-level analysis. While it is acknowledged that there was heterogeneity in care offered, potentially confounding parameters relevant to endoscopy units (e.g. endoscopy volume, accreditation status, access to 24-h on-site endoscopy, endoscopy rotas, type of hospital, availability of dedicated inpatient lists) and acute departments (e.g. ED waiting times, referral protocols) were not studied, which should be considered for future research.
Moving forward, the British Society of Gastroenterology (BSG) Endoscopy Quality Improvement Project comprises a series of initiatives to improve standards of care in endoscopy. Amongst these is the development of a national AUGIB quality bundle, which can be implemented in acute departments to facilitate early management, risk stratification and referral, with the objective of improving time to endoscopy and patient outcomes. Such interventions may ultimately pave way for the attainment of quality standards in AUGIB.
Conclusion
In conclusion, the majority of centres did not meet national standards for time to endoscopy. Factors associated with delayed endoscopy included time and route of admission, severity scoring and the timing of endoscopy referral. Early endoscopy may reduce length of stay, but is dependent on prompt assessment and referral. Strategic initiatives involving acute care services are likely to be required to improve this outcome.
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